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MEMORY MANAGEMENT UNIT CAPABLE OF 
EXPANDING THE OFFSET PART OF THE 

PHYSICAL ADDRESS 

BACKGROUND OF THE INVENTION 
1. Field of the invention 
This invention relates to a memory management unit 

for microprocessors, and more particularly, to a circuit 
configuration of the memory management unit in which 
logical addresses are translated into physical addresses. 

2. Description of the Prior Art 
As an example of conventional memory management 

units, FIG. 4 shows a block diagram of a Zilog in 
U.S.A.); see S. Kamuro et al., in 16-bit Microprocessors, 
Chap. 2, pp. 75-155 (Maruzen, 1983). In this figure, 
reference numeral 1 is a 23-bit logical address trans 
ferred from the central processing unit (CPU) that is not 
shown therein. Reference numeral 2 is a data bus 
through which 16-bit data is transferred from the CPU 
to the memory management unit 3 in which logical 
addresses are translated into physical addresses. Also, 
reference numeral 4 is a 24-bit physical address; refer 
ence numeral 5 is a 16-bit offset address that is a part of 
the logical address 1 transferred from the CPU; and 
reference numeral 6 is a 7-bit segment number that is a 
part of the logical address 1 transferred from the CPU. 
Moreover, reference numeral 7 is a segment register 
section that is composed of a plurality of 16-bit segment 
registers. The address data to be stored in these segment 
registers is transferred from the CPU through the data 
bus 2. The segment register in the segment register 
section 7 is selected according to the 7-bit segment 
number 6. The 16-bit output data from the selected 
segment register is placed in a base address register 9. 
The leftmost 8 bits (A8-A15) of the 16-bit offset address 
5 are stored in a temporary register 8. The 8bit output 
data from the temporary register 8 is added to the 16-bit 
output data from the base address register 9 by means of 
an adder 10 to form the left most 16 bits of the 24-bit 
physical address 4, resulting in a segment address 12 in 
the physical address space. The right most 8 bits (AO 
A7) of the offset address 5 is used as the rightmost 8 bits 
of the 24-bit physical address 4, resulting in an offset 
address 11 within each segment. 

FIG. 5 shows a block diagram of another conven 
tional memory management unit that has a great deal of 
flexibility in the circuit configuration as compared with 
the memory management unit of FIG. 4. Although the 
memory management unit of FIG. 5 has a circuit con 
figuration to treat 8-bit data, the basic configuration of 
the memory management unit for treating 16-bit data or 
other data with different bit lengths is the same as that 
shown in FIG. S. In FIG. 5, reference numeral 101 is a 
16-bit logical address transferred from the CPU; refer 
ence numeral 102 is an 8-bit data transferred from the 
CPU; and reference numeral 103 is an address transla 
tion unit in which the logical address 101 is translated 
into the 19-bit physical address 104 to specify the actual 
memory address. Also, reference numeral 105 is a seg 
ment address decoder by which any one of 25(=32) 
segment registers in the segment register section 106 is 
selected according to the leftmost 5 bits (All-A15) of 
the logical address 101. The 8-bit output data from the 
selected segment register gives the leftmost 8 bits of the 
physical address 104, resulting in a segment address 109 
in the physical address space. The right most 11 bits 
(AO-A10) of the logical address 101 are used as the 
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2 
rightmost 11 bits of the physical address 104, resulting 
in an offset address 108 within each segment. Moreover, 
reference numeral 107, which is not shown definitely in 
FIG. 5, is a logical operation unit in which some type of 
logical operation is performed between the output data 
from the segment register and all or part of the lower 
address of the logical address 101 transferred from the 
CPU. The logical operation unit 107 may be any type of 
logical operation unit, and may be, for example, an 
adder of the same type as shown in FIG. 4. 

In such a conventional addressing arrangement, 
when a certain segment address is selected in the physi 
cal address space, the range of offset address that can be 
selected freely within each segment according to the 
address data from the CPU is limited to a fixed range 
that is determined by the lower part of the physical 
address. For example, the offset address range contains 
only 2(=256) addressable locations in the case of the 
memory management unit shown in FIG. 4, and only 
2(=2048) addressable locations in the case of the 
memory management unit shown in FIG. 5. This limita 
tion of the offset address range within each segment 
results in a great number of restrictions on the applica 
tion of such a memory management unit and on the use 
of microprocessors. 

SUMMARY OF THE INVENTION 

The memory management unit of this invention, 
which overcomes the above-discussed and numerous 
other disadvantages and deficiencies of the prior art, 
comprises a segment register section that is composed 
of a plurality of segment registers; a segment address 
decoder for selecting a desired segment register in the 
segment register section; and an effective-address selec 
tion register from which an effective address for the 
desired segment register is fed to the segment address 
decoder, wherein a part of the logical address is used as 
the effective address and the remaining part of the logi 
cal address is used as an expanded part of the physical 
address. 

In a preferred embodiment, each bit of the effective 
address selection register can be set to either bit data of 
the logical address or bit data of a fixed level selected 
from logic-0 and logic-l. 

Thus, the invention described herein makes possible 
the objectives of (1) providing a memory management 
unit with great practical value in which the number of 
segment registers available at a time can be changed to 
expand the offset address range within each segment in 
the physical address space; and (2) providing a memory 
management unit with great practical value by which 
the offset address range within each segment in the 
physical address space can be changed freely according 
to the application thereof. 
BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and its nu 
merous objects and advantages will become apparent to 
those skilled in the art by reference to the accompany 
ing drawings as follows: 

FIG. 1 is a block diagram of one example of the mem 
ory management unit according to this invention. 

FIG. 2 is a detailed block diagram of one example of 
the effective-address selection register shown in FIG. 1. 
FIG. 3 is a detailed block diagram of another example 

of the effective-address selection register shown in FIG. 
1. 
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FIGS 4 and 5 are block diagrams of conventional 
memory management units. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The memory management unit of this invention, in 
which logical addresses transferred from the CPU are 
translated into physical addresses that specify the loca 
tions in various memories, is provided with an effective 
address selection register. In the effective-address selec 
tion register, there is placed a part of the logical address 
as an effective address for the selection of a segment 
register. The remaining part of the logical address can 
be used as a non-effective address for expanding the 
physical address space. The non-effective address is 
combined with the original offset address, resulting in 
an expanded offset address. 
For example, when the leftmost 3 bits (A13-A15) in 

the effective-address selection register are used as an 
effective address, the remaining 2 bits (All-A12) are 
independent of the selection of a segment register. Thus, 
these 2 bits (All-A12) that constitute a non-effective 
address can be used as an expanded part of the appropri 
ate physical address. As a result, the original offset 
address with a length of 11 bits is expanded into an 
offset address with a length of 13 bits, and the range of 
offset address within each segment, which can be deter 
mined directly by means of an address data from the 
CPU, is increased by four times from 2 (=2048) ad 
dressable locations to 21 (= 8192) addressable locations. 

In such a case. only 2(= 8) of 2(=32) segment regis 
ters can be used, indicating that there is a lowering in 
the function of the memory management unit. How 
ever, some applications require fewer segment registers 
than those mentioned above. Therefore... the effective 
address selection register should be appropriately set by 
considering a balance between the number of segment 
addresses to be used and the range of offset address. 

EXAMPLE 

FIG. 1 shows a block diagram of one example of the 
memory management unit according to this invention. 
The memory management unit of FIG. 1 comprises an 
effective-address selection register 211 in the input por 
tion of the segment address decoder 205. In this exam 
ple, for the leftmost 5 bits of the logical address 201, a 
part of the 5 bits are fed to the segment address decoder 
205 as an effective address for the selection of a segment 
resister, and the remaining part of the 5 bits are used as 
an expanded part 209 of the physical address 204. 

FIG. 2 shows one example of the effective-address 
selection register 211 for the segment address decoder 
205 shown in FG. 1. The effective-address selection 
register 211 has a register 213 with a length of 8 bits 
corresponding to the number of bits in the data bus. The 
register 213 has the predetermined data beforehand. 
Because address data with a length of 5 bits is used to 
select a desired segment resister in the segment register 
section 206 of FIG. 1, only the rightmost 5 bits (B0-B4) 
of the bit data in the register 213 are effective for the 
selection of a segment register, and the remaining bits 
(B5-B7) are not required therefor. When address data 
with a length of 9 bits or more is used to select a seg 
ment register, the register 213 has preferably, but does 
not necessarily have the same number of bits as that of 
the address data. 

In FIG. 2, reference numerals 214-218 are 2-input 
AND gates, respectively. Only 2-input AND gates 
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4. 
corresponding to the bit data in the register 213 that has 
been set to logic-1 are in the "on-state," and only the 
address data corresponding to the AND gates in the 
"on-state' is fed to the segment address decoder 205. In 
contrast, 2-input AND gates corresponding to the bit 
data in the register 213 that has been set to logic-0 are in 
the "off-state," and the address data to be fed to the 
segment address decoder 205 is always in the state of 
logic-0 independently of the address data from the CPU 
corresponding to these AND gates in the "off-state". 

That is, the bit data that has been set to logic-1 in the 
register 213 is fed to the segment address decoder 205 as 
a signal for the selection of a segment register. On the 
other hand, the leftmost bits A11-A15 of the logical 
address 201 are transferred from the memory manage 
ment unit to expand the offset address that is originally 
defined as an ill-bit address. The non-effective address, 
which is a part of the logical address 201 and does not 
contribute to the selection of a segment register, is uti 
lized for expanding the physical address. 

EXAMPLE 2 

FIG. 3 shows another example of the effective 
address selection register for the segment address de 
coder 205 shown in FIG. 1. As shown in FIG. 3, the 
effective-address selection register 211 is provided with 
a register 213 that is connected to the same data bus as 
in Example 1. The address data corresponding to the bit 
data in the register 213 that has been set to logic-1 can 
be used as an input data into the segment address de 
coder 205. In contrast, the address data corresponding 
to the bit data in the register 213 that has been set to 
logic-O can not be used as an input data in the segment 
address decoder 205, and this address data is indepen 
dent of the segment address decoder 205. Therefore, the 
latter address data can be used as an expanded part of 
the offset address in the physical address space. In the 
effective-address selection register 211 of FIG. 2, the 
non-effective address data that is corresponding to the 
bit data in the state of logic-0 in the register 213 is al 
ways in the state of logic-0. In contrast, the effective 
address selection register 211 of FIG. 3 has a second 
register 219 in addition to the first register 213, and the 
input level of the non-effective address can be set freely 
to either logic-0 or logic-l. 
That is, in this example, both the first register 213 and 

the second register 219 are connected to the data bus 
lines D0-D7 through which input signals are fed to 
these registers, and output signals from these registers 
are fed to the segment address decoder 205 through a 
logical circuit comprising two AND gates and one OR 
gate for each bit, so that the input level of the non-effec 
tive address can be set freely to either logic-0 or logic-1 
according to the state of the second register 219. 
When the first register 213 is set in such a manner that 

B0="O", B1 = "O", B2="1", B3="1", and B4="1", 
and when the second register 219 is set in such a manner 
that B0="1" and B1 ="0", the output signal of the OR 
gate 220 is in the state of "1", which is the same as the 
bit data stored in the bit Bo of the second register 219. 
Also, the output signal of the OR gate 221 is in the state 
of "O", which is the same as the bit data stored in the bit 
B1 of the second register 219. Moreover, the output 
signal of each of the OR gates 222, 223, and 224 is the 
same as that of the bits A13, A14, and A15 of the logical 
address, respectively. 
The memory management units described in the 

above-mentioned examples are improved in that a non 
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effective address, which is a part of the logical address 
and is not used as an effective address for the segment 
address decoder, can be utilized for expanding the phys 
ical address. 
As described above, according to this invention, the 

offset address range within each segment in the physical 
address space can be readily expanded by limiting the 
number of segment registers to be used. Moreover, the 
offset address range can be changed freely according to 
the application of the memory management unit. There 
fore, the memory management unit of this invention is 
quite useful for practical use. 

It is understood that various other modifications will 
be apparent to and can be readily made by those skilled 
in the art without departing from the scope and spirit of 
this invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to the 
description as set forth herein, but rather that the claims 
be construed as encompassing all the features of patent 
able novelty that reside in the present invention, includ 
ing all features that would be treated as equivalents 
thereof by those skilled in the art to which this inven 
tion pertains. 
What is claimed is: 
1. A memory management unit in which a logical 

address is translated into a physical address, said men 
ory management unit comprising: 

a segment register section means which includes a 
plurality of segment registers; 

an effective-address selection register means for re 
ceiving a predetermined part of said logical ad 
dress, for dynamically selecting an effective part of 
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6 
said predetermined part, and for producing address 
data using said effective part: and 

a segment address decoder means. connected to said 
effective-address selection register means and said 
segment register section means, for selecting one of 
said plurality of segment registers in said segment 
register section means by decoding said address 
data produced by said effective-address selection 
register means; whereby 

said physical address comprises an output of said 
selected one segment register, the remaining part of 
said predetermined part other than said effective 
part, and the remaining part of said logical address 
other than said predetermined part. 

2. The memory management unit according to claim 
1, wherein said effective-address selection register 
means comprises a register means for storing data 
which determines said effective part, and a selection 
means, connected to said register means, for setting a 
first part of said address data with said effective part and 
for setting the remaining part of said address data other 
than said first part with fixed data. 

3. The memory management unit according to claim 
1, wherein said effective-address selection register 
means comprises a first register means for storing data 
which determines said effective part, a second register 
means for storing predetermined data, and a selection 
means, connected to said first register means and said 
second register means, for setting a first part of said 
address data with said effective part and for setting the 
remaining part of said address data other than said first 
part with said predetermined data stored in said second 
register means. 
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